The identification of the candidate genes that play key role in phenotypic variation in livestock populations can provide new information about evolution and positive selection. IL-33 (71954) (Interleukin) gene is associated with the increased nematode resistance in small ruminants; however, the role of IL-33 for the genetic control of different diseases in Chinese goat breeds is poorly described in scientific literature. Therefore, 
with the phenotypic changes. The excess of polymorphism in genome sequence data (Nez et al., 2016) has provided a valuable inventive tool in the search for traces of the most recent selection in the genome, for example, (Biegelmeyer et al., 2016) .
The human geneticists developed some statistical test to examine various assume deviation and unpredictable genetic under neutral model (Fumagalli et al., 2015) . While all information is supported on impartial genomic deviation, not every of them rely on the equal class of sequence. The majority of these investigators were considered for full-sequence data and not for genome extensive assortment of pre-ascertained SNPs that are presently accessible in several livestock groups. A number of the primarily simply illustrious traces missing by the services of selection are those left by perceptive sweeps. Selective sweeps take place when an allele suit extra recurrent in a population as an effect of positive selection. As the positively selected allele enlarge in frequency, associated nearby alleles will act so, too, an occurrence known as genetic hitchhiking (Corbett-Detig, Hartl, & Sackton, 2015) .
IL-33 in 2005 was recognized as a part of the IL-1 family of cytokines (Schwartz et al., 2016) . Currently, the family comprises of 11 members (Garlanda, Dinarello, & Mantovani, 2013) . There is a good motivation for arrangement of these cytokines into a family. Commonly, most IL-1 family elements are proinflammatory cytokines among pleiotropic roles in innate resistance. In addition, they contribute in determining adaptive immunity by skewing the isolation of naive helper T lymphocytes and by directly affecting the effecter functions of different subsets of T and B lymphocytes. IL-33 acts on many different target cells in different organs. The role of IL-33 has been recognized in numerous diseases, such as allergies, chronic inflammation of the gut (Lopetuso, Chowdhry, & Pizarro, 2013) , especially allergic asthma (Liew, 2012; Saluja et al., 2015) , cardiovascular diseases (Miller & Liew, 2011) , disorders of the central nervous system (Gadani, Walsh, Smirnov, Zheng, & Kipnis, 2015) , and rheumatoid arthritis (Palmer & Gabay, 2011) . Similar to other IL-1 family members, IL-33 can be valuable or destructive, depending on the situation of the disease (Liew, Pitman, & McInnes, 2010; Palomo, Dietrich, Martin, Palmer, & Gabay, 2015) .
The published scientific literature related to evolutionary positive selection studies on IL-33 gene in goats is scarce. Positive selection in association with single-nucleotide polymorphism (SNP) plus molecular evolution in IL-33 gene is a significant phenomenon. Therefore, it is imperative to find out the nucleotide and genetic discrepancies. Henceforth, the current study presents unique data on nucleotide sequence change in IL-33 gene in native breeds of Chinese goats along with other observed mammalian species.
| MATERIALS AND METHODS

| Ethics statement
The entire experimental protocols were certified by the Law of Animal Husbandry in People's Republic of China (Dec 29, 2005) . All the procedures and steps for ear tissue collection were assessed and approved by the Biological Studies Animal Care and Use Committee of National Animal Husbandry Service, Hubei, PR China. All the other factors were considered to alleviate any suffering and pain while taking these tissue samples.
| Experimental animal selection and genomic DNA extraction
The study was conducted on 105 goats of four different breeds, namely Hybrid white yellow, Enshi black, Yichang white, and Nanjing yellow and had been selected from southern districts of China.
Genomic DNA extraction kit TIANamp (TianGen, Beijing, China) was used for the extraction of genomic DNA from the ear tissue samples of experimental goats.
| Genotyping/SNP sequencing
The genomic DNA for the extension of 10 anticipated SNPs locus was used for screening and characterization of these SNPs. SeqMan program was used for the sequences of these identified SNPs and then aligned and genotyped in 105 goats using Matrix-assisted laser desorption/ionization time of flight mass spectrometry (MALDI-TOF) assay [SquenomMassARRAY:emoji:, BioyongTechnologeies Inc. HK].
| FDIST analysis
Regarding analysis and evaluation of selection effects, Lositan software (Beaumont & Nichols, 1996) was used. Through allelic frequency, F ST and p values were estimated for each locus based on heterozygosity. Replications were designed comprised of four populations: 105 individuals, 21 SNPs, 10 loci, and an expected 0.102 F ST value. The outlier with F ST is more than estimated indicating efficient divergent selection through this method and reducing heterozygosity (Akey et al., 2004) . Approximately, 100,000 replications were employed on real data that construct the datasets of population. Keeping confidence limits at 95%, quantiles were supposed for provisional F ST joint distribution against mean heterozygosity. Outlier was defined based on those loci expressed outside the simulated neutral distribution with a characteristic differentiation behavior.
| Sequence analysis
Coding sequences of twelve mammalian species were downloaded from GenBank and then aligned the protein sequences using MEGA6.0 program (Tamura, Stecher, Peterson, Filipski, & Kumar, 2013) by considering parameters set for default alignment thereafter applying manual adjustment. Positive selection and amino acid sites under selection were determined by maximum likelihood technique. (Nei & Kumar, 2000) . Gamma distribution (+G) with 5 rate categories and by assuming that a certain part of sites are evolutionarily invariable (+I). Estimated values of nucleotide frequencies (f), rates of base substitutions (r), and transition/transversion bias (R) for all nucleotide pair were calculated. In the final dataset, 336 total of positions were present. Evolutionary analyses were conducted in MEGA6 (Tamura et al., 2013 ).
| Phylogenetic analysis
For phylogenetic analysis of goat IL-33 gene, the nucleotide sequences of the concerned gene were compared with that of sheep, humans, rat, mouse, horse, cattle, buffalo, rabbit, camel, dog, and cat to detect its orthologs. Phylogenetic tree was constructed after nucleotide sequences retrieval from NCBI. Further, the sequence was analyzed by using MEGA6 software package and neighbor-joining technique was employed for constructing phylogenetic tree, while similarity index of genetic sequence was analyzed through ClustalW software of eight species for IL-33 gene.
| Codon-based dN-dS and neutrality test
In this study, maximum likelihood computations of dS (synonymous substitutions number in each site), dN (nonsynonymous substitutions), and their ratios were estimated by using HyPhy software package (Pond & Muse, 2005) . dN/dS ratio is a useful measure for determining the codons for positive selection. A total of 336 positions in the final dataset were determined. Both the analysis involved twelve nucleotide sequences. All positions containing gaps and missing data were eliminated; thereafter, evolutionary analyses were performed in MEGA6 (Tamura et al., 2013) .
Higher value of dN/dS ratio is an indication of positive values and vice versa. In other words, higher existence of dN shows more positive values. For neutrality test, the variance of difference was compared using the analytical method. Thereafter, analyses were conducted by using the Nei-Gojobori method (Nei & Kumar, 2000) .
| RESULTS
Of four goat breeds, the sequence description revealed 21 SNPs from 10 loci which were genotyped for advance analysis. The recognition of IL-33 (71954) (Table 1) .
| Positive selection of IL-33 gene by FDIST analysis
The location of IL-33 (71954) (Table 1) .
| Evolutionary analysis of positive selection models
The extra replacements of nonsynonymous over synonymous depicted a molecular signal for positive selection. The BIC model has lowest (Table 2) .
| Phylogenetic relationship of IL-33 gene among species
The thorough coding sequences of 12 different mammalian species for IL-33 gene were gathered, keeping goat as reference species from the public database GenBank. The alignment of obtained sequences plus their respective amino acids was done through using MEGA6.0 software. Annual editing of all the gained sequences was developed before phylogenetic analysis through this software. The caprine IL-33 gene was found closely related with that of sheep, camel, bison, cattle, buffalo, cat, horse, humans, rabbit, and dog ( Figure 2 
| Determination of dN-dS
| Determination of neutrality for analysis between sequences
The probability of rejecting the null hypothesis of strict neutrality (dN = dS) (below diagonal) is shown. Values of p < .05 are considered significant at the 5% level and are highlighted (Table 5) T A B L E 2 Different models for positive selection tests for IL-33 gene Models with the lowest BIC scores (Bayesian information criterion) are considered to describe the substitution pattern the best. For each model, AICc value (Akaike information criterion, corrected), maximum likelihood value (lnL), and the number of parameters (including branch lengths) are also presented. Nonuniformity of evolutionary rates among sites may be modeled by using a discrete Gamma distribution (+G) with 5 rate categories and by assuming that a certain fraction of sites are evolutionarily invariable (+I). Whenever applicable, estimates of gamma shape parameter and/or the estimated fraction of invariant sites are shown. Assumed or estimated values of transition/transversion bias (R) are shown for each model, as well. They are followed by nucleotide frequencies (f) and rates of base substitutions (r) for each nucleotide pair. Relative values of instantaneous r should be considered when evaluating them. For simplicity, sum of r values is made equal to 1 for each model. For estimating ML values, a tree topology was automatically computed. The analysis involved 12 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All positions containing gaps and missing data were eliminated. There were a total of 336 positions in the final dataset. Evolutionary analyses were conducted in MEGA6.
| Analysis of antigenic domains of IL-33
The antigenic domains of goat and all 12 animal species were predicted by (Kolaskar & Tongaonkar, 1990 ) method using online software tool (http://imed.med.ucm.es/tool/antigenic.pl). The results revealed that 11 antigenic domains of IL-33 from goat lie from 4th to 225th amino acids (Figure 4 ) and 143 antigenic domains for 12 animal species including goat lie from 4th to 3114th amino acids ( Figure 5 ).
The average antigenic propensity for goat IL-33 of 247 amino acid residues was 1.0256 and that for all 12 animal species of 3,131 amino acid residues was 1.0273. These predictions may assist the selection of goat IL-33 antigenic epitopes to enable the preparation of antibodies for use in testing tissue distribution of IL-33.
| DISCUSSION
The current improvement in the significant directories of genetic difference has projected novel implication for the innovation of positive selection targets, which finally would be helpful to clarify the drift and selection roles in evolutionary methods. Moreover, signatures of positive selection hinder the genome region that functionally plays significant role. Therefore, the determination of such genomic regions will present significant associate for the identification of genetic variation, which ultimately would initiate the intervention of these efficient genomic regions and expansion of phenotypic collection. Hence, the population history is designed through chronological actions and services which provide information for the target of positive selection.
The genetic ground of various traits of different species has been formulated by candidate gene approach. Candidate gene discovery has a vital role in livestock populations' phenotypic difference that provides new information about evolutionary process and positive selection (Brown et al., 2013) . The present study of IL-33 (71954) gene was foretold by F ST and operating the mean heterozygosity. Hence, this study proved the important gene and forecast the loci connected with various complications of diseases in Chinese goat population.
Earlier, many genes correlated with positive selection were identified by Lnl. The genes selected by Lnl are revealed as true cases for adaptation that might engage in positive selection (Anisimova, Nielsen, & Yang, 2003) . In the present study, likelihood logs were used for the determination of Lnl, and different models were implemented.
According to positive selection, ω = dN − dS > 1 value which are concerned in positive selection. Therefore, IL-33 gene evolutionary study in 12 species of mammals is evident in purified selection and previously no reports are designed for positive selection like that.
The outlier loci documented revealed adaptive variability in the studied species attributed by extensive climate difference in their local areas and energetic import/export which recommend their capability of adjusting to a new environment. The FSHβ gene is extremely under strong positive selection for the development and proper functionality of gonads (Ijaz et al., 2015) . The current research study is in strong favor of the results in positive selection.
After assessment of nonsynonymous and synonymous mutations of DRB-1 gene in Eastern woodchuck represents a powerful evidence for positive selection, which shows that the DRB-1 gene is under positive selection (Klein, 1986) . Here, this study significantly supported that IL-33 gene of our study is also under positive selection in goat. Several nonsynonymous mutations were found around or within the putative antigen-binding sites. Moreover, these analyses show that the positive selection sites were functionally important (Bernatchez & Landry, 2003 ). In the current study, the IL-33 found to be nonsynonymous and also under positive selection. The change in amino acid (threonine to asparagine) in IL-33 gene may be helpful for the positive selection and may also change the function of the gene.
It might play a crucial role in immune system to control the diseases or disorders.
Bustamante discovered that minor amount of nonsynonymous substitution in genes was found significantly associated with Mendelian disease ; however, many genes recognized as a potential position for positive selection were assessed as a cause of cancer process . Genes that are associated with complex diseases, like asthma interleukin-13 (Fullerton et al., 2002) , IL-4 (Rockman, Hahn, Soranzo, Goldstein, & Wray, 2003; Sakagami et al., 2004) and IL-1A (Akey et al., 2004) , [cytochrome P450 (CYP3A) (Thompson et al., 2004) , cardiovascular disease [matrix metallopeptidase 3(MMP3) (Rockman et al., 2003) , and (AGT) ) type 2 diabetes (CAPN10 (Fullerton et al., 2002) 32 is documented as pro-inflammatory cytokine that plays substantial role in various biological processes, whereas the role of IL-33 has been predictable in various diseases, such as cardiovascular diseases (Miller & Liew, 2011) , especially allergic asthma (Liew, 2012; Saluja et al., 2015) , allergies, chronic inflammation of the gut (Lopetuso et al., 2013) , disorders of the central nervous system (Gadani et al., 2015) , 
| CONCLUSION
The alpha and omega of the whole story concludes here that the methodologies designed to explore the nucleotide and genetic variations in this research lead to the better thoughtfulness of the positive selection of IL-33 gene single-nucleotide polymorphism and molecular evolution. Hence, our study provided novel information about the nucleotide variations in IL-33 gene and also found to be nonsynonymous which may change function of gene which plays a crucial role in the genetic control of diseases in local Chinese goat breeds.
